Aim: A comparison study was conducted to explore the best internationally available adjuvant that could be used in production of a highly potent foot and mouth disease (FMD) 
Introduction
Foot and mouth disease (FMD) is an infectious disease of cattle, buffalo, sheep, goats, pigs, and also wild cloven-hoofed animals. FMD virus (FMDV) is the cause of the disease. The virus has seven serological types, identified as; O, A, C, SAT1, SAT2, SAT3 and Asia1 [1, 2] . FMD is characterized by fever, lameness and vesicular lesions on the feet, tongue, snout, and teats, with high morbidity and low mortality [3] .
Control of FMD through effective vaccination of susceptible animals is considered to be the corner stone to eliminate the disease in endemic areas, but it is considered very difficult as the FMDV is an airborne transmitted virus, contagious nature of the disease [4] .
Continuous improvement must be done to the vaccine formulations to obtain highly immunogenic vaccine, and such improvement not only depend on the antigen payload, but also on the adjuvant used in the vaccines so as to protect the susceptible animals in routine and outbreak situations [5] .
The oil adjuvant has the capability for generating a rapid, high and long-lasting immune response. Generally, the Montanide series of oil adjuvants (SEPPIC, France) has a clear immunological effect for inactivated vaccine in different susceptible animals [6, 7] . The ability to stimulate a serotype specific immune response is an important factor in protecting the livestock from infection. Cell mediated immunity is also important as it can inhibit the subclinical infection in animals, as half of the vaccinated cattle exposed to infection can be a persistently [8, 9] .
In Egypt, the disease is enzootic and many outbreaks have been reported since 1950. FMD serotypes SAT2, A, and O were last reported in 1950, 1972 , and 2000, respectively [10] . The FMDV serotype O was the most prevalent since 1960 and onward [11, 12] . FMDV serotype A was reintroduced into Egypt during 2006 through live animal importation where sever clinical signs were recorded among cattle and buffaloes [13] . In addition, serotype SAT2 of FMDV was later introduced into Egypt during 2012, also through the importation of live animals [14] . In Egypt and many other countries, live animal importation is considered as the main risk factor for new outbreaks in Egypt [4] . The in-house produced vaccine by Veterinary Serum and vaccine Research Institute (VSVRI) is the Montanide ISA 206 trivalent inactivated vaccine which consists of three FMDV serotypes (O Pan Asia1, A Iran O5 and SAT2/EGY/2012).
Vaccine adjuvant is very important factor which stimulate specific components of either humeral or cell-mediated immune response [15] . Selecting the ideal or the most suitable adjuvant is one of the important tools in improving the efficacy of the FMD vaccine. An ideal adjuvant is one which can stimulate the humeral immune response early (onset), and promote production of high antibody titers (strength/ intensity) that would last long (duration). It should also stimulate the cellular immune response [4, 5] .
The present study compared different oil based adjuvants that are used in FMD vaccine formulation, on the level of both humoral and cellular immune response. The oil adjuvants were Montanide ISA 201, ISA 61 and ISA 50, and ISA 206.
Materials and Methods

Ethical approval
The experiments were carried out according to the protocol of Institutional Animal Ethics Committee and the authors had a permission of the animal owners at the private farms.
Animals
Twenty five apparently healthy native male breed cattle of 1.5 years old of about 300-400 kg body weight from Fayoum farm were used. These cattle were found to be free from antibodies against FMDV serotypes A Iran O5, O Pan Asia1, SAT2/EGY/2012 as screened by serum neutralization test (SNT) and ELISA. The trivalent FMD oil vaccine was inoculated I/M at a dose of 3 ml/animal. A 1 ml dose contain 10 
Suckling baby mice
Fifty suckling Swiss baby mice, 2-4 days old, clinically free from any microbial disease signs (Charles River Strain, USA) were used for the safety of the inactivated antigen.
Samples
Serum samples
A total of 1 and 2 sera samples were collected from the 20 cattles to be vaccinated and 5 un-vaccinated controls prior to vaccination respectively (Day 0). Sera were collected from the cattle every week until 4 th weeks, every 2 weeks for 16 th weeks, every 4 weeks until 32 nd weeks, and lastly, every 2 weeks until the end of the experiment at 42 nd weeks.
Cell culture
Baby Hamster kidney cell line (BHK 21 ) clone 13 obtained from VSVRI, Abbasia, Cairo using Eagl's medium with 8-10% bovine serum as described by Xuan et al. [16] were used for SNT, virus titration and vaccine preparation.
Viruses
FMDV strains
Local FMDV serotypes O Pan Asia1, A Iran O5 and SAT2/EGY/2012 were utilized in the experiments. Which was isolated from field and propagated in BHK 21 cell line in monolayer cultures for preparation of virus fluid at the Department of FMDs Research, VSVRI, all serotypes were confirmed by world reference laboratory for FMD, Pirbright London, UK.
Virus infectivity and antigenicity
The virus titration was carried out by microneutralization in BHK 21 tissue culture for the three serotypes and the infectivity titer was calculated and expressed in log 10 50% tissue culture infectious dose (TCID 50 ) as described by Reed and Muench [17] and the complement fixation test was carried out according to Health Protection Agency [18] .
Virus purification
Aseptically, the harvested culture medium from FMDV infected BHK 21 cell cultures was centrifuged in a cooling centrifuge at 3000 rpm for 20 min to remove cell debris [19] .
Virus inactivation
FMDV (O Pan Asia1, A Iran O5, and SAT2/EGY/2012) of the seventh passage on BHK 21 monolayer with an infectivity titer of 10 8 TCID 50 /dose. Inactivation was achieved by using a combination of 1 mM binary ethyleneimine (BEI) and 0.04% formaldehyde according to the method described by Barteling and Cassim [20] , Ismail et al. [21] thiosulfate 20% was added to the virus samples to the inactivated virus to neutralize the BEI in a final concentration of 2%. Sodium bisulfite 20% was added after inactivation process to neutralize the excess of formalin in final concentration of 2%.
Concentration of the FMDV serotypes
The tissue culture viral fluids of the three serotypes (O Pan Asia1, A Iran O5 and SAT2/EGY/2012) were centrifuged at 7000 revolution/min for 30 min and then concentrated by polyethylene glycol-6000 to reach to 1/10 of their original volumes [19] .
Formulation of the prepared vaccines
The vaccine formulation was done according to Gamil [22] 
Evaluation of the prepared vaccine formulations
Sterility and safety testing
The prepared vaccines were tested for freedom from aerobic and anaerobic bacteria; fungal and mycoplasma contaminants. The vaccines samples were cultured on thioglycolate broth, Sabouraud's, nutrient agar; phenol dextrose media and mycoplasma medium. The safety of the prepared vaccines was done according to OIE [23] , Khushi et al., [24] .
Evaluation of the humeral immune response to the different prepared FMD vaccine
Serum samples collected from the vaccinated and nonvaccinated cattle were tested for the presence of antibody titers against the three serotypes of FMDV (O Pan Asia1, A Iran O5 and SAT2/EGY/2012) by SNT using the technique described by Ferreira [25] and indirect ELISA according to Voller et al. [26] .
Stimulation of the cellular immune response by the different prepared FMD vaccine was evaluated using the lymphocyte proliferation test according to Lee [27] .
Statistical analysis
Data were analyzed using analysis of variance (ANOVA) in the SPSS-12 statistical software package for P.C.S. Multiple comparisons of means were made using Duncan's multiple range tests at P˂ 0.05 %. The results represent the average of five replicates and are presented as the mean ± standard error.
Results and Discussion
FMD vaccines can be defined as a fixed formulation of defined amount of one or more chemically inactivated cell culture derived preparation of a seed virus strains bended with a suitable adjuvant. Selecting the suitable vaccine formulation is dependent on several factors as the onset of protection, the intensity (titer) of protecting antibody, the duration of protection against FMD.
The vaccine formulations were prepared from three serotypes of FMDV (A IranO5, O Pan Asia, and SAT2/ EGY/2012), and it was free from aerobic and anaerobic bacteria; fungal and mycoplasma contaminants. So, the formulated vaccines are safe for animal use.
One of the main factors in selecting the suitable adjuvant is the viscosity of the oil adjuvant used as one of the major drawbacks of the oil adjuvant vaccine is that their use can results in undesirable side effects as granulomas and cysts. The viscosity of the oil adjuvants used in this comparative study ( [28] .
Tracing the antibody titer against FMDV serotype (O)
The SNT and ELISA data (Table-2 Available at www.veterinaryworld.org/Vol.8/October-2015/6.pdf [29] who mentioned that the ELISA antibodies against FMDV type O were compared between the 2 oil 201, 206. The antibody titer induced by 201-vaccine were higher than which of 206-vaccine on 3dpv, 7dpv, 14dpv, 21dpv, 28dpv. This means that the effect of 201-vaccine in inducing antibody is better than which of 206-vaccine. The protective antibody titer of FMD using SNT is 1.5 log 10 and by ELISA 1.8 log 10 according to OIE [23] . 
Tracing the antibody titer against FMDV serotype (A)
Tracing the antibody titer against FMDV serotype (SAT2)
On analyzing the data in Table- Available at www.veterinaryworld.org/Vol.8/October-2015/6.pdf . These results may be attributed to the mode of action of oil adjuvants which delaying the absorption of antigen and stimulate mononuclear cells to produce antibodies at local and distant sites so elicit both humoral and cellular immunity [30] .
The SNT and ELISA antibody titer against FMDV serotype O, A and SAT2 are negative along the whole experiment (42 weeks) in the non vaccinated control cattle.
From Tables-2-5 Cell mediated immunity is a component of an animal's immune response to FMDV infection and vaccination. Stimulation of cell mediated immune response was evaluated using the lymphocytic proliferation assay, expressed as delta optical density (ΔOD), for all the vaccine groups [32, 33] .
The ΔOD of all vaccinated groups were demonstrated from the 3 rd till the 35 th day post vaccination (DPV) ( Table-6 [34] , Mansour [35] , Samir [36] , El-Din et al. [37] in that FMD vaccine stimulated the cellular immune response, and lymphocyte stimulation by FMDV was greater than by mitogens (phytohemagglutinin) and increased on 14 DPV. Moreover, the cellular immune response results clearly indicate that Montanide ISA 201 showed its highest levels on 14 DPV, followed by Montanide ISA 206 and ISA 61 on 21 DPV and ISA 50 on DPV 28.
Conclusion
It was clear that the duration of immunity from Montanide oils (201, 206, 61 and 50) FMD vaccines is a long-lived immunity which ranged between 32 and 38 weeks post vaccination, but the Montanide ISA 201 FMD vaccine is superior to the others in the rapid cellular immune response of the vaccinated animals which showed its highest level within 2 weeks. Further, studies are recommended to evaluate the effect of these Montanide oils on other cellular immune components such as the interferon, interleukin, and IG2a. 
